During the course of recent spectroscopic investi gations of the Group Ilia monofluorides *, several methods of production of these molecules in the vapor phase were studied. The Group Ilia trifluorides are the simplest stable fluorides previously known to exist in the solid phase with the exception of T1F, which is commercially available, and pos sibly A1F. The present work evidences the existence of Al, Ga and In monofluorides as stable solids at room temperature.
There is some scattered evidence in the literature which indicates that A1F exists in the solid state, and many references to the fact that A1F, GaF and InF may be produced in the vapor state. H a m p e 2 reported the first experimental method for producing A1F, i. e. by heating a mixture of Al and cryolite (Na3AlF6). More recently B a im a k o v 3 studied the vapor pressure of A1F by the reaction of Al with A1F3 . The composition of A1F was confirmed by rapid volatilization of A1F followed by quenching and analysis of the sublimate obtained. The IR spec trum of A1F has been observed by the matrix iso lation method 4 as well. However, nothing could be found in the literature which indicates that GaF or InF are also stable solids.
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The most common technique 5 for producing these monofluorides in the vapor phase is by heating a mixture of finely divided metal with A1F3 to 600° -1000 °C. CaF2 may be substituted for A1F3, but higher temperatures are then required. With such reaction mixtures, the absorption band spectra of A1F6 and the Ga and In monofluorides7 have been observed. Similarly, the microwave absorption spectra of all three species have been obtained 1' 8, both from the vapor over the mixtures mentioned above and from the solid monofluorides which were obtained by quenching the vapor over the reaction mixtures on a cold surface.
Experim ental
The monofluorides of Al, Ga and In were prepared by high temperature reaction-vaporization methods in which the vapor was condensed on a water cooled metal surface. The apparatus employed was a micro wave absorption spectrometer in which a tantalum, resistance-heated oven is located directly below the water cooled waveguide absorption cell. Observation of rotational transitions of A1F, GaF and InF during the preparation of these monohalides served both as proof that they exist in the vapor from the reactions and as a L e v i , and E. W . D e w i n g , Brit. Pat. 719,058, Nov. 24,1954 . See C. A. 49, 5257 [1955 ; S. A. check on the progress of the following equations
(1)
Here M stands for Al, Ga or In metal and the sub scripts represent the solid or vapor phases. The strongest line in the hyperfine-rotational spectrum for the ground vibrational state was observed. The tem peratures at which a weak signal, i. e. about 2 or 3 signal to noise ratio, was first obtained are shown in Table 1 a for the three equations. When preparing the monofluorides, the temperature was gradually raised up to about 1300 °C for eq.
(1) and to about 900 °C for eq. (2) during a period of several hours. At tem peratures higher than these maxima, the microwave transitions were no longer observable and CaF2 or A1F3 began to sublime significantly. The efficiency and purity of the condensates from eqs. (1) and (2) were measured by a loss in weight technique: the reactants and condensates were weighed to an accuracy of 0,01 g, then the condensate was re vaporized (eq. 3) and the non-vaporized material was weighed. It should be noted that for Ga and In mono fluorides the revaporization temperature was signifi cantly lower than that needed for their initial prepara tion. These temperatures are shown in Table la for the cold cell spectrometer and in Table lb with CaF2 to 800° -1300 cC for two hours. These com pounds were obtained from A1F3 by heating the mix tures to 700° -900 °C for a period of about three hours. In both cases the condensate was a blade crystaline-like material which was purified by revapori zation as mentioned above. The purity of these con densates is shown in Table 2 . The loss in weight measured in this revaporization purification process was used not only to estimate the purity, but also to calculate the efficiency of converting the metal to its corresponding monofluoride. As shown in Table 2 , both eqs. (1) and (2) give about 5% conversion. For In the mole ratio of In to CaF2 was 1 to 4 and 1 to 1 for In to A1F3 . The Ga mixtures with CaF2 and A1F3 were both close to 1 to 1 mole ratio.
Aluminum monofluoride: Some difficulties were encountered with the determination of purity and effi ciency of the Al reactions due to the fact that A1F required a substantially higher temperature than GaF and InF for revaporization and even somewhat higher than that needed for the original preparation reaction. Since A1F also decomposes on hot surfaces9' 10, this loss in weight method could not be employed with con fidence. At a temperature of 300 °C this surface de composition appears to be negligible in the case of GaF and InF, but at 700 °C or higher we expect that these compounds would also show substantial decompo sition. For example, we have observed that a metal deposit forms on a surface which was placed over the opening on the upper side of the absorption cell and heated by radiation from the oven during the prepara tion of all three monofluorides. Although the present experiments were inconclusive in determining the existence of A1F in the solid phase, this work, in con junction with the earlier work referred to in the Intro duction, strongly supports such a conclusion. Table 2 . Purity of metal monofluoride produced by eqs. (1) and (2) and the mole % conversion of Ga and In to their monofluorides as measured by a loss in weight method. a by weight.
Conclusions
The experiments described here quite conclusively show that A1F, GaF and InF exist in the solid state. Stable diatomic species, when studied by microwave 10 S . A. S e m e n k o v ic h , Zhur. Priklad. Khim. 3 3 , 552 [I960] .
S e e C. A. 54, 20735a [I960] . absorption techniques, exhibit a reproducible and limited temperature region in which optimum spec tral observations are obtained; this was found to be true only for the revaporized monofluorides. Spectra from the eqs. (1) and (2) required a steadily in creasing temperature to maintain a constant absorp tion intensity which is quite typical for reactionproduced species. Thus, we feel that it is extremely unlikely that the monofluorides evaporated during the revaporization process are produced by eqs. of type (1) or (2). The microwave spectra of GaF and InF were about 5 to 10 times more intense than those obtained from the reactions. This may be ex plained by the fact that less decomposition occurs at the lower temperature required for revaporiza tion and by the fact that proportionately more metal monofluoride was available, since material produced in several runs with eqs. (1) and (2) was usually used. All three monofluorides were quite easy to work with, since they showed no noticeable de terioration or affinity for water when stored over long periods in loosely stoppered containers.
It should also be noted that the temperature at which GaF and InF were spectroscopically measured, i. e. 300 °C, is identical to that for T1F. Thus, all three of these monofluorides have similar vapor pressures at 300 3C. Microwave spectra of diatomics are usually observed with a vapor pressure in the region of 10-2 to 10_3torr. It appears that A1F deviates appreciably from the heavier Group Ilia monofluorides in this respect.
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Effect of Ring
The most favourable stereochemistry for fourmembered phosphorus-nitrogen compounds con taining five-coordinate phosphorus utilises one axial and one equatorial position of the trigonal bipyramidal environment at phosphorus 1-3 for ring for mation, regardless of the general ru le 4 that more electronegative substituents occupy axial positions preferentially. Thus the stereochemistry of the title compounds is believed to be that shown by struc tures A and B (see Fig. 1 ).
We have prepared compounds of this type where Rr = R/r = Me and where Rr or R" = Me and Rr/ or R' = Ph and have noticed significant differences in R v 
